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INTRODUCTION
We recently demonstrated the adult human morphology of the anococcygeal ligament along with its surgical relevance. 1 Using semiserial sagittal sections of 20 human cadavers, we measured the mean length of the anococcygeal ligament (mean, years) without macroscopic tumor in the abdomen and pelvis. All these cadavers had been donated to Tokyo Dental College for anatomical education and research, and had been fixed with injection of 10 L of formalin solution (10% w/w in water) from the femoral artery at least 6 months before dissection. Twenty of the 30 specimens (8 males, 12 females; all sagittal sections) had also been included in our recent study of surgical anatomy. 1 The use of these donated cadavers for anatomical research did not require ethics committee approval.
From the cadavers, we obtained an almost cubic tissue mass (5×5×5 cm at minimum) containing the dorsal wall of the anorectum, the coccyx and the covering skin. Decalcification was performed over more than 4 weeks at room temperature using Plank-Rychlo solution (AlCl 2 /6H 2 0, 7.0 w/ v%; HCl, 3.6; HCOOH, 4.6; WAKO, Tokyo, Japan). After routine processing for paraffin-embedded histological examination, 10-µm-thick sections were prepared at intervals of 1 mm. Twenty cadavers were used for sagittal sections, while 10 cadavers were used for transverse sections. One tissue block (1 specimen) included around 10 sagittal or 30 transverse sections including the coccyx and anus. These sections were stained with hematoxylin and eosin (HE) or Masson-trichrome solution for collagen fibers and smooth muscle. Due to the severe condition of decalcification, immunohistochemistry was unsuccessful.
Study using human fetal specimens
We examined the paraffin-embedded histology of 15 fetuses at 12-20 weeks of gestation (4 fetuses each at 12 and 15 weeks; 7 fetuses at 20 weeks). Specimens were classified into three clear groups according to cranio-rump length: 1) 72, 75, 80 and 85 mm (12 weeks); 2) 105, 107, 110 and 115 mm (15 weeks); and 3) 170, 180, 183 and 190 mm (20 weeks) . Sections from the 8 specimens at 12 and 15 weeks were horizontal with a thickness of 5 µm, but another 7 specimens (all 20 weeks) were cut almost tangentially along the plane including the anus and coccyx (i.e., tilted horizontal sections) with a thickness of 8 µm. Sections were prepared at intervals of 20 µm (12 and 15 weeks) or 100 µm (20 weeks). Most sections were stained using HE or Masson-trichrome, while some were used for immunohistochemistry (see below).
With the agreement of the families concerned, these specimens were donated to the Department of Anatomy at Chonbuk National University in Korea, and use of these samples for research was approved by the university ethics commit-17 mm; range, 8-23 mm) as well as the mean thickness (mean, 2.7 mm; range, 1.5-4.5 mm). In contrast to the collagen-rich presacral fascia, the anococcygeal ligament was abundant in smooth muscles and elastic fibers. Kinugasa, et al. also described the distance between the coccyx and the dorsomedial margin of the levator ani, which ranged from 8 mm to 25 mm. 1 Thus, on the inferior side of the coccyx, connective tissue such as the anococcygeal raphe 2,3 is likely to connect bilateral levator muscle slings. Actually, the anococcygeal ligament has been considered to co-exist with the anococcygeal raphe. 4 Thus, both the ligament and raphe seem to play roles in connecting bilateral levator slings. According to Kinugasa, et al., 1 the thick ventral layer of the anococcygeal ligament joined the conjoint longitudinal muscle layer of the anal canal (i.e., the anal longitudinal muscle), while the thin dorsal layer merged with midsagittal amorphous tissue to support the external anal sphincter (EAS). However, questions remain as to whether this midsagittal amorphous tissue corresponds to the anorectal raphe.
Although many studies had been conducted on the fetal development of the human levator ani muscle and EAS, [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] the anococcygeal ligament and/or raphe seem to have been outside the focus of those investigations. Niikura, et al. 15 recently reported on a fibrous tissue connecting the human fetal coccyx and anus. However, that midsagittal structure does not seem to correspond to the anococcygeal raphe because, simply, the levator ani does not attach to it. They hypothesized that the coccygeal attachment of the levator ani is derived from another muscle, the sacrococcygeus anterior. Thus, the concept of the raphe needs to be re-examined from the perspective of fetal development, as well as in terms of adult morphology. Consequently, the aim of this study was to clarify the morphology of the anococcygeal raphe by describing a basic rule and variations of anococcygeal midsagittal connective tissues in human adults and fetuses.
MATERIALS AND METHODS
The study was performed in accordance with the provisions of the Declaration of Helsinki 1995 (as revised in Edinburgh 2000).
Study using adult cadavers
We examined the paraffin-embedded histology of 30 elderly adults (20 males, 10 females; mean age at death, 85
RESULTS

Observations in elderly specimens
At the midsagittal area on the dorsal side of the anal canal, the anococcygeal ligament was identified as a thick connective tissue band irrespective of whether the EAS was welldeveloped ( Fig. 1A ) or poorly developed (Fig. 1B) . The ligament consistently divided into 2 layers: a thick ventral layer joined the conjoint longitudinal muscle layer of the anal canal (i.e., the anal longitudinal muscle); while a thin dorsal layer merged with the EAS. The anococcygeal ligament contained smooth muscle in the superior part and striated muscle in the inferior part (Figs. 1, 2 and 3). On the immediately inferior side of the coccyx, a relatively dense fibrous tissue (midsagittal amorphous tissue in Kinugasa, et al. 1 ) was discriminated from the other subcutaneous tissue. The thick periosteum of the coccyx was continuous with the dorsal fibrous tissue mass.
tee. All fetuses were obtained by induced abortions. After abortion, each mother was personally informed by an obstetrician about the possibility of fetal donation for research, but no attempt was made to encourage donation. Donated fetuses were fixed with 10% w/w formalin solution for more than 3 months. No pathological findings were evident in the abdominopelvic viscera included in the present series of sections. We have attempted to describe the morphology commonly present in each group.
The primary antibodies used were: 1) rabbit polyclonal anti-human alpha smooth muscle actin (dilution, 1:100; Dako Cytomation, Kyoto, Japan) and 2) mouse monoclonal anti-human desmin (dilution, 1:50; Dako). Dako antismooth muscle actin antibody was used to cross-react with non-lymphatic vascular structures. 16, 17 Pretreatment with an autoclave was not conducted because of the fragile nature of the fetal tissues. The secondary antibody (Dako Chem Mate Envison Kit; Dako) was labelled with horseradish peroxidase (HRP), and antigen-antibody reactions were detected via an HRP-catalyzed reaction with diaminobenzidine. Counterstaining with hematoxylin was performed on the same samples. layer of the anorectum showed positive immunohistochemical findings for smooth muscle actin. In the midsagittal area between the anal canal and coccyx, a connective tissue band was consistently seen in all fetuses. In 2 of the 4 specimens at 12 weeks and in 3 of the 4 at 15 weeks (Fig. 4A  and B) , the connective tissue band contained smooth muscle fibers continuous with the longitudinal muscle coat of the anal canal. Notably, the EAS included desmin-positive striated muscle along the dorsal smooth muscle band (Fig.  4C) . At 12 and 15 weeks, the coccygeus muscle was identified as a pair of large muscles in the immediately lateral and anal side of the coccyx, as we recently described. 15 In addition, at 12 and 15 weeks, a very thin, loose subcutaneous tissue was present on the dorsal side of the coccyx (not shown in figs).
Immunoreactivity was weak in 7 specimens at 20 weeks, possibly because of the long duration of preservation. In
In transverse sections of the anal canal, the dorsal fibrous tissue was a round or oval-shaped mass of collagen fibers, located on the dorsal or superficial side of the EAS and occupying the subcutaneous tissue on the immediately deep or ventral side of the natal skin cleft (Figs. 2 and 3) . Although this tissue was located in a gap between bilateral levator muscle slings, only 2 of 10 specimens among the transverse sections showed such a typical topohistology ( Fig. 2A) , due to poorly developed levators in the other 8 specimens. The gap ranged from 3 mm to 60 mm in width, and Fig. 2A portrays the smallest case (Fig. 2A) . We did not find any aponeurotic tissue with transversely oriented fibers connecting bilateral levator slings. Instead, in the 8 specimens, the fibrous tissue mass (maximum width, 5-10 mm) was located and extended along the supero-inferior axis between the bilateral gluteus maximus muscles (Figs. 2B, C and 3B). A gap between the gluteus muscles ranged from 18-40 mm at the level of the inferior end of the coccyx. The EAS did not connect with the fibrous tissue mass, but instead with the anococcygeal ligament (Fig. 2C) . In 3 of 10 specimens (Fig. 3D) , the dorsal fibrous tissue mass contained striated muscles continuous with the dorsosuperior reflection of the well-developed EAS as seen in Fig. 1A .
Observations in fetal specimens
In all 8 specimens at 12 and 15 weeks, the smooth muscle sistently observed. This seems to correspond to the anococcygeal ligament rather than the raphe, because the term "raphe" should be used for a structure connecting bilateral levator muscle slings. The raphe is thus most likely to run transversely, as seen in the linea alba between the bilateral abdominal rectus sheathes. Our observations thus seem to be consistent with descriptions by Ayoub, 18,19 who described that all muscle fibers of the EAS retain skeletal attachments to the coccyx via the anococcygeal ligament. Fig. 6A displays one of the classical concepts of the ligament and raphe, as described by Toldt, 4 in which the raphe is located along the internal or ventral side of the ligament. In contrast, according to the present histology, we hypothesize that the raphe is a specific subcutaneous tissue on the superficial or dorsal side of the anococcygeal ligament ( Fig. HE staining for the 20-week specimens, no specific structure connecting the coccyx and anal canal was identified (Fig. 5) . However, 3 of the 7 specimens showed that a connective tissue mass was present on the dorsal side of the coccyx (i.e., in the subcutaneous tissue; Fig. 5C and D) . Another connective tissue was consistently originated from the coccyx inferiorly (Fig. 5C and D) . However, at all stages examined, the levator ani muscle did not attach to the coccyx, but reached to an area far ventral and superior to the coccyx. The midsagittal connective tissue band or mass thus did not play a role in the raphe connecting bilateral levator muscle slings.
DISCUSSION
Irrespective of whether the levator ani muscle reached the midsagittal area or not, a fibrous issue extending along the supero-inferior axis between the coccyx and EAS was con- tor ani sling, a fascia connects the rectum and presacral parietal fascia (reviewed by García-Armengol, et al.
27
). A similar concept is also found for the so-called rectococcygeus muscle. 28 However, we suspect that this concept likely represents a bias toward the notion that the coccyx should also connect with the anorectum (rather than the EAS) by a connective tissue structure. The coccyx is connected with the EAS by the anococcygeal ligament, and also by the presently described subcutaneous structure, i.e., our identified raphe. In addition, the term "anococcygeus muscle" may be based on bias from the comparative anatomy of other mammals, 29 although striated muscle fibers were contained in both the anococcygeal ligament and our identified raphe.
Study limitations
A major limitation of this study was the small sample size, particularly for elderly specimens because of the possible variations in degeneration of the pelvic floor. The sample size may have been too small to allow for suitable insights into left/right differences or sex differences. Whether the levator ani attaches to the raphe seems to be one of the major reasons for evaluating raphe function. In fetal and elderly specimens, the levator did not often attach to our identified raphe. 6B). This restricted, subcutaneous structure is quite different from the classical concept, but the function as a raphe seems to be the same (see below).
In fetuses, the longitudinal muscle coat of the anal canal gave off smooth muscle fibers into a dorsal band-like tissue, which connected the anal canal with the coccyx, i.e., the primitive anococcygeal ligament. Likewise, also on the ventral side of the anus, similar smooth muscle tissue was seen connecting with a ventral connective tissue mass or the primitive perineal body. 20, 21 The longitudinal muscle coat thus plays a critical role in connective tissue development around the anal canal. The dorsally extending smooth muscle seems to be maintained as smooth muscle in the superior part of the adult anococcygeal ligament. The EAS also gave off striated muscle into the fetal dorsal band-like tissue -we paid attention to the fact that fetal striated muscle morphology resembled dorsosuperior reflection of the EAS in adults. The parts of the fetal striated muscle derived from the EAS seem to be retained in the adult subcutaneous fibrous tissue, i.e., our identified anococcygeal raphe. We found a specific subcutaneous tissue mass on the dorsal side of the coccyx at 20 weeks. However, neither the levator slings nor EMS was found near the coccyx, consistent with the findings of Niikura, et al. 15 Thus, depending on later development of these striated muscles, our identified raphe seemed to develop as a raphe-like structure in the final fetal stage or after birth under the influence of muscle functions.
Henrich 22 described the anococcygeal ligament as inserting on the dorsal side of the dorsal end of the levator ani. Between "his ligament" and the external pelvic fascia (superficial fascia), he found a fatty tissue termed Courtney's space. This ligament thus seems to correspond to our identified raphe. Courtney 23 was a rectal surgeon who described the raphe clearly in his line-drawings. Notably, the subcutaneously located raphe received the most dorsal muscle fibers of the EAS. This dorsal part of the EAS, in the welldeveloped cases as shown in Fig. 1A , provides a superior reflection toward the coccyx. 24 Thus, rather than functioning as a raphe between bilateral levator ani slings, we speculate that this part plays a critical role in coordinating between the contraction and superior shift of the EAS for smooth defecation. Shafik 25, 26 considered that the width of the raphe changes depending on anal sphincter function. We do not deny his hypothesis because in the elderly individuals bilateral levator slings were not tightly connected.
Rectal surgeons are familiar with Waldeyer's description that, at the level of anorectal junction or just above the leva-
